Summary. Bovine 
Introduction
The cytoplasm of maturing oocytes in amphibians (Gurdon, 1968; Ziegler & Masui, 1973 Masut et al, 1979) and mammals (Balakier & Czolowska, 1977; Balakier, 1978; Czolowska et al, 1984; Sorensen et al, 1985) contains a strong activity that can stimulate the transition of nuclei from other cells to a metaphase condition. The cytoplasm of maturing oocytes of Urechis (Das & Barker, 1976) and frog (Moriya & Katagiri, 1976; Elinson, 1977) can also induce the transformation of sperm nuclei to metaphase chromosomes. Although Iwamatsu & Chang (1972) observed that sperm nuclei of mammals occasionally form spindle-like structures after penetration into maturing oocytes, Clarke & Masui (1986) have clearly demon¬ strated that sperm nuclei that have penetrated mouse oocytes at prometaphase I or metaphase I of maturation are transformed directly to metaphase chromosomes. A similar phenomenon has also been observed in human oocytes penetrated in vitro at metaphase II (Schmiady et al, 1986) . Niwa et al. (1991) reported that bovine oocytes at germinal vesicle (GV) stage and those under¬ going maturation are equally penetrable by spermatozoa in vitro. However, since the medium used for fertilization in that study was not suitable for maturation of oocytes, it was difficult to observe in more detail the transformation of the sperm nucleus that may occur with the progression of oocyte maturation. It is possible to overcome this problem by transferring the bovine oocytes 8 h after insemination, at the GV stage, into another medium proven to be suitable for maturation because penetration into the oocytes by spermatozoa is almost complete by this time (Niwa et al, 'Reprint requests. 1991). The present study was designed to examine whether maturing bovine oocytes possess a cytoplasmic activity that induces the transformation of sperm nuclei into metaphase chromosomes.
Materials and Methods

Medium
Modified BO medium (Brackett & Oliphant, 1975) , containing II2-0mmol NaCl 1, 402mmol KC1 1, 2-25 mmol CaCl2 1, 0-83 mmol NaH2P04 \ 0-52 mmol MgCl2 1, 37-0 mmol NaHC03 l"1, 
Sperm preparation and in vitro fertilization
Spermatozoa were treated using the procedures described by Niwa & Ohgoda (1988) . Briefly, a 0-5 ml straw of frozen semen was thawed in a water bath at 37-39°C. Spermatozoa were washed twice in BO medium supplemented with 10 mmol caffeine-sodium benzoate 1" ' (Sigma Chemical Co.); each wash was followed by centrifugation at 833 g for 10 min. A 50 µ sample of the final sperm suspension (5-10 106 spermatozoa ml* ') was introduced into 50 µ of the medium that contained the oocytes and the mixture was cultured at 39°C in an atmosphere of 5% C02 in air. The mixture gave final concentrations of 2-5-5 106 spermatozoa ml" ', 10 mg BSA ml" \ 5 mmol caffeine 1 " ' and 10 pg heparin ml"1. and 100 pg streptomycin ml"1. The washed oocytes were transferred into a 100 µ drop of the same medium covered with paraffin oil and culture continued in a C02 incubator (5% C02 in air at 39°C). After 5, 10, 15 and 40 h of additional culture, oocytes were freed from cumulus cells by repeated passage through a fine pipette and placed in the centre of four vaseline spots on a glass slide. The oocytes were compressed gently with a cover-slip and fixed for 48-72 h at room temperature in 25% (v/v) acetic alcohol, stained with 1% (w/v) orcein in 45% (v/v) acetic acid as described by Ohgoda et al. ( 1988) . The oocytes were then examined for evidence of oocyte nuclear maturation and for transformation of sperm nuclei in penetrated oocytes.
Classification of sperm nuclear transformation
The morphological changes observed in sperm nuclei were classified into the following categories (1) with decondensed chromatin, in which the sperm nucleus was swollen but retained the oblong shape of the intact spermato¬ zoon (Fig. la) ; (2) with recondensed chromatin, in which the swollen sperm nucleus was condensed, forming a small darkly stained mass of chromatin ( Fig. la, b) ; (3) (Table 2) . (Table 3) . After 10 h, about half the sperm nuclei had recondensed (category 2) and half had transformed to metaphase chromosomes. This progression continued so that by 40 h, most (86%) of the penetrated oocytes contained sperm chromosomes and a few contained male pronuclei (in the oocytes with female pronuclei described above). (86) 0(0) 0(0) 0(0) 3(6) Oocytes were cultured for 5-40 h after transfer into TCM-199 containing 10% fetal calf serum 8 h after insemination. Polyspermy did not appear to limit the transformation of sperm nuclei to metaphase chromo¬ somes until it reached more than nine spermatozoa per oocyte (Table 4) . (Niwa et al, 1991) . Thus, the fact that no sperm chromosome formation was observed in that study might be attributed to the inappropriate culture conditions used for the maturation of inseminated oocytes.
On the basis of previous data (Niwa et al, 1991 ) the present results suggest that oocytes penetrated 8 h after insemination still have intact GVs at the time of transfer into TCM-199. Since GV breakdown of bovine oocytes in vitro occurs between 4 and 8 h of culture (Sirard et al, 1989) , it is clear that BO medium has retarded GV breakdown. The low numbers (21-25%) of unpenetrated and penetrated oocytes that reached metaphase II 15 h after transfer to TCM-199 could therefore be attributed to the retardation of the first step of meiosis. This retardation, however, did not inhibit the ability of the oocytes to complete maturation, because, 40 h after transfer, 70% of unpenetrated and 65% of penetrated oocytes had reached metaphase II (Table 1 ). The present results confirm those observed in mice by Clarke & Masui (1986) , who reported that sperm penetration of maturing oocytes does not delay the first meiotic division but that polyspermy does affect oocyte maturation. In the present study, bovine oocytes that had been penetrated by more than four spermatozoa were greatly delayed in reaching metaphase II. According to Clarke & Masui (1986) , the shortening and thickening of the maternal chromosomes occurred more frequently in polyspermic maturing mouse oocytes and in highly polyspermic oocytes, the chro¬ mosomes underwent drastic morphological changes. In the present study, however, it was diffi¬ cult to observe such morphological changes in the maternal chromosomes of polyspermic oocytes.
In general, mature oocytes are activated by sperm penetration, resume the second meiotic division and extrude the second polar body, then form a female pronucleus. In the present study, however, few penetrated oocytes had formed a female pronucleus even 40 h after transfer. This observation supports the hypothesis that sperm penetration into immature oocytes does not induce oocyte activation. This is not surprising since oocyte activation normally occurs in oocytes at meiosis (M) phase and not at an interphase state as in GV oocytes. This concept is consistent with our recent observations that bovine oocytes experimentally arrested between metaphase I and telophase I are activated by sperm penetration (Chian et al, 1992) . Indeed, it is possible that oocytes that did undergo activation in our study had begun to mature during the in vitro fertiliz¬ ation incubation, and were therefore activated by the penetrating spermatozoa, although this was not experimentally verified.
In contrast to most other mammalian species examined, the exception being dogs (Mahi & Yanagimachi, 1976) , in bovine oocytes decondensation of sperm nuclei can be induced even before GV breakdown (Niwa et al, 1991) . Furthermore, transformation of the decondensed sperm nuclei to metaphase chromosomes was clearly observed in this study. When oocytes inseminated at the GV stage were transferred into an appropriate culture medium 8 h after insemination, sperm nuclei in some penetrated oocytes were recondensed (14%) or transformed to metaphase chromosomes (5%) within 5 h of transfer. The proportion of oocytes with sperm nuclei transformed to metaphase chromosomes increased with time reaching 86% 40 h after transfer. The pattern of these morpho¬ logical changes in sperm nuclei is very similar to that observed in mouse oocytes (Clarke & Masui, 1986) . In bovine oocytes, however, it was difficult to observe well separated sperm chromosomes even 40 h after transfer. Although it has been reported that metaphase chromosomes derived from spermatozoa (Clarke & Masui, 1986) and other maturing oocytes or blastomeres (Balakier, 1978; Szollosi et al, 1980; Clarke & Masui, 1985) have mixed with oocyte metaphase chromosomes, such mixing of the sperm and oocyte metaphase chromosomes was not observed in bovine oocytes; both chromosomes were always observed to be separate. Clarke & Masui (1986) reported that maturing mouse oocytes, penetrated by more than four spermatozoa, never transformed any of the nuclei to metaphase chromosomes. In this study, bovine oocytes penetrated by up to nine spermatozoa transformed all of the nuclei to metaphase chromosomes, but when oocytes were penetrated by 10-14 spermatozoa, no nuclei were trans¬ formed to metaphase chromosomes. Since bovine oocytes are larger than mouse oocytes, it is expected that the former possess a much higher capacity with respect to the cytoplasmic activity than the latter. Clarke & Masui (1987) have also suggested that the transformation of sperm nuclei to metaphase chromosomes in the cytoplasm of mouse oocytes requires nucleoplasm of the GV and non-GV cytoplasmic substances, including proteins synthesized during maturation. However, the requirements of GV material and proteins for sperm nuclear transformation in bovine oocytes need to be clarified in further experiments.
In the experimental conditions used, 65% of penetrated oocytes matured to metaphase II; nevertheless the formation of a male pronucleus was observed only in 6% of penetrated oocytes when they were examined 40 h after transfer. We do not consider this to result from a limitation of the amount of materials present in the cytoplasm that support sperm pronuclear development, as suggested in the previous study (Niwa et al, 1991) , since the number of spermatozoa in a penetrated oocyte was limited in this study. If the male pronucleus growth factor (Thibault & Gerard, 1973) or the sperm pronucleus development factor (Yanagimachi, 1981) can function when the cytoplasm of oocytes is fully activated (Yanagimachi, 1981; Perreault et al, 1987) , it is possible that the sperm nuclei incorporated into oocytes at the GV stage cannot activate the oocytes even after maturation has been completed.
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